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= (57) Abstract: A DNA microarray system whereby inea- 

sureinent can be performed at a low running cost, a low 
price and yet a high accuracy. A nucleic acid probe (3) is 
immobilized on the surface of a gate insulator of an elec- 
tric Held effect transistor and then hybridized with a target 
gene on the surface of the i nsulator. A change in the surface 
electric charge density thus arising is detected by using the 
electric elTcct. 
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}2:fisimfsi^^'cm^i^mmt3im(Dmm:^^mm&^izmtsh(D^mt)n^. c:ne> 
<Dmm^mHm(Dmmtr^^(D'fy^. mmmymm\zmA.Tmi^^<Dmm:sLZ^m 
mmmx'h^. m^T-<Dmm:si.zs^mmm^:Kmmizn^K ite^M^^^M 

$:!^l3r>LTDN A-7-r ^ U^r <!iVO) 7i)^* Affymetrix tt^ Nanogen ttJ^i: 

^«Egi^$nTli'&il:T0DNA-7-r 07 l/-r Ji> IHU i: b T 1 IhI 
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aJ:3^^C5DNA-7-r P7 K75Ui< 07:?^*#B^$nTVi-i>o Cnnical Micro 
Sensors ^'^\t^=f-U ^ — tM^t ^if^=f-(D-'^^^m,mm^\z^mit\^ ^ 

y :y hjt-S?'^^tB'^^;^iC^P?B^UT^i^ (Nature Biotechnology, vol.16. 
(1998) p27. p. 40) . Z.(r>-:)5^'T:\t.'^^fS~V-^'^^m.U%^^^>SL^m:iL\^U\^ 

-:^<«^u75^8ltn. iife^*^tbO*&$i:fi0^tiJffl^7&^*^^<b-r^c ^^c, «dSit 

4t 13 jI u S"! ^ -r ^ ^ id ^ m ^ 7i>^*^Mb r ^ c 

^ ^ l^^^^fr ^ 11 tft-r ^ :i ^ ^ g W i -r ^ c 
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- vmm.mm.n\zm^iL\t.^w-^^\.x-'^mmk':fu--zfiL\%'^i^mM-:ru 
X, ^mmy- hm^^j}^ h ^ >~y'7.^(D^^ ^)\^^<Dy- hmmm±izm.m 
bxy- hmmmmmizm^iti.tzm i ommy- hm^9J}^ h y>=j7.^ t.. 

;^ ai t" ^ ^ ^ O ® BB 5^- <i: =b *a W X H ^ i S IB ^ ^ f ^ M :^ D — y 

:^mm\zj:^mmm^:&mt. (a) ^ti^ni^u^mm(D-:^mm^':fn 
-•:/xit^i^mm-:/a--:r^iy-\^f^mm^mizm.mxi-imi^^itvxm^i\: 
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±\zmxvx. mKm<Dmm^mt^mm±^^<^^^^-r^7.9-yzfts (c) < 

Ty:ft. (d) ^m^^^w.±izmxvr. ^Kft^o^-i >^-ti u-^ 
^±f)^'b^^^'r^xy'y':ft. (e) mmm^mwi±izmx\^x. *fe^y-h 

±t^Xy^yy° (a) t>'-^7.'TV'f (e) {IjD^T, (f) StK<^]bPift UT — 
^MtdWU^ tfFlBXT"^;/^ (a) is^^T.^vzf (e) ^S^-^-S^t-^ 

m.=f-^^K>^^^o ^^Txmm-^nf^w.mmn^^t^uwmm^mx\^x . — 
^w^^r^7.7-vy°i^. (c) ^^:^^<iiis^#:^^fier^-r :t>^'^tr^gr^ 
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J: Kim.^mm<DmB,i-x\ti^B.^0m^mmx\tm'A\zmmt ^ :i tf}^x'^ 

mt^T.'ry':^ (a) f)^^7.'Ty:/ (d) izM^X. (e) S^^JdI^UT — 

•^'^^T.^yy^t. (g) mwm^m^±izmxLx. -^^ii^^i/p-yx 
it^^^imf^zfa-zrib^ibmmi.rzmmmf^^m^-r^x^yyL^Mizmv. 

^ o^aij^ ^ mm \^x'i=r^zh i)^x ^ ^ , 

mB!!imm^\z^n^nm^9JbW:h^>i^7.^(D'j'-x ' \^u^>m^. t — ^ 

U T @ ^^bf -5 7. 7" y t ^ ^ d i ^ <t -r -5 o 

mfSLm^^iz^ti'enmn^ji^h^>i^y.^(ov-7. ' kwo^^, t-iS? 

v^yy't. m^^n^i^^vrzm<D±izmmm^m^r^7^y^y:ft. mmm 
(ommiziiif^x. m^^m >i^7^^<D^^r^)Viz%jft-r^Bm\zmmy°\=i 
-•:r^m.tf^xitmi$^^^vxm^<fr^7^y^y'ft^^-r^ z.t^nmt-t^. 
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miit. FET. h-^ — , ^m±:>-^o)mmm(Dm.mmT^^^o 

mi lit. 2^%BJlCct^^fliy- hS^itfK^^tKffi F E T^^'^y© — 

mi 4\t. 3^^B^®jie^M!±;^FET5^U/y$^^ibfc:7P— fe;KDl5&0J 
El 1 6 2|5:^B^©jie^^ttSffl F E TtCct^SJJ^T'a h 31 ;K7) Ufc §^ El T' 
^ BJ ^ ^ M -5 i?) (7) * ^ 5^ 
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immm 1 3 

mmy- h«i^^i^h^>>^7.^ i (d^— hmmm2<Dmmizmmzfu — ':/ 
3 ^m^itvr^mm'v^)^. mmyn-fityir^j -^'y^^v^^f- Kxtic dna 

^z.izf}^m^v\^^. v^&mm\-xm.iti^^)n> (s i O2) . ^iti^^j 3i> (s 

i N) . ^-fbT^PS— "^A (A 1 2O3) . >^)l (T a 2O5) 7^j:i:(D^.J 

^Ybv-'J D > (S i O2) G)±t;:^'fbS>U 3 > (S i N) . S?<bT;U5::i'^A (A 

1 2O3) . m\:^>^)v {Ta^o^) ^mm-t^^mm^t-r^. 

(NH2S) . "f-^-jvm (SHS) . M-^^yt^E-cit^m^m-r^. 

S^^AL, t 31 - i/> s^-rvv-T^-— h (pdo 

tSJt;;$-frTT5 ySTMb#^lfPbfc^e^:/D-7^^^fe.m2^^®{c@^ib-r'5. 

^zt—jumx-it^m^uTzm^zfu-zf^mmmmmizmm^fr^m'^it.. m 

\z\t.. mmmm.m\z7.vu-:rhT\z.'y>^mx\^. \i:t^>iix\-uy°h7^ 
z^>(Dm.fQii^mmi^x. mmzfa—y-^^'- \^mmmmmizm^ift^. m 

hmm<mmmiz(DP^m'fxi,t7.-!f^y hv. ^)v^(Dy~ v^m^i^±.\zoy^ 
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— h (pHEMA) ti^^m^^^:it-f)^x^. @^^t:S#:^7 5 y S^T. h 1/ 

— hmmm±\zi^my'u--7'^w^^-t^ z.t^x^^. 

mB,f-t.mm-:^u--:ft^;\^y'^)y-^ X\.x. ^-^'v V'&^=^ ii^n.-Xu- 
-r^^iiifix^^o 
m2\^. mi\z7r^\.rcmB.^fik^mmm9)i^v^yi^7.^ (Genetic fed 

dOit^E^^^v-XT^AJl, la 1 l^^bfcite^Mttiffl F E T 1 (7)fteJC:#fig 
FET6^fflVi, ite^^{±ifflFETt#MFETc^gl*«y^<&?f -^c itfe^ 

t^mffi F ET 1 h*6^i^«®tc«s^*4tt^(7)^-y <y vm\n=f-}i^mmf^ 
m.m^m^^-^^mm.^u-y' 3i)m'^i\:-^nx\^^^. —13. #mfet6co 
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\\i(D^^^U^<^^-t^Z.}Lt)^'l:^^o ae^+iimffl F E T ^:#B1F E T« 
F E T Srffl -5 ^1 ;^^M* b Vi. 

X tt#?L14«i^ l:: ^ S ?S^g|5Tf^^^?S t M*4^fS*«}^M-r ^ ^fiK© t) o ffl 
Vi-So it-e^^mffl F ET 1 <h#MF E T 6 ^^IIiIhIK 9 tCJ: D^n^'ncD^ 
®«^^i+f,'JL, 2 •:p<7)iil;'jfiMibS'J^lHlSg 1 0 <&^bT{f ^^{asiHlSS 1 1 
A;b$n-5o ^iSct^jte^^ffiffl F E T ^^^S-fbUT^^ite^^SrlHlPtitZliJ-r 
#flSF E T^^iitcMfflT^ <t75S-e#, Mnc^ite^^aiffl F E T 
i:^3i<D#fl^F E T ta)Mi<iaiJ^S:fT-9. 

0 3 li, 2|s:fgBjcoD N A x'-r ^PTl/'fi:-<>^ — — ^ ^ ^ t:> "tt 

Genetic F ET 1 2 — 1 4 T&^^IS-fk ^ tlT^S 0 . Hl^FETl 2 till 1 - 
<D^—^V hjte^^&^ffiT^ite^^ffiffl FET. ^2<DFET13 2 
Oit^K^^^ffi-r^ite^^^aiffl F E T. ^3(Z)FET l 4ti#QiFET<hb 

xfflVie>n^o mi, m2(DFET<^y- h^^i^±(cti^n^*niii , 112 
F E Toy- h*fei^#is®ir«m 1 isi.u%2(DmB,=¥'(r>n^^m.mmm^\%m 

CDFETl 3 <^)if^^7°D-7'<^:(^^/N< :7''J r^'W XUT-^mSrff^fiX-T'&c -f 
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m^^Vtt^^o >'$^-tlU-:^ I 5 ««?^^WbTVi'50T. H 1 OiKs^^ 
ttiffl F E T 1 2 <DmmM^^'S.(0 P^f}^^ithX F ET (Dititjmmi^^itV > w, 

2 ©ii{s^Maiffl F E T 1 3j^tx#B^. FET 1 4 <D^mn^m^\-^^\ti't^^^ 

(DX'\i^tim^f)^^it\^t^^^o X^Tcifi-DX. H 1 OjHs^^m^ F E T 1 2 <ii# 
H^FET 1 4(Dmimm^. ^XSm.2(Dm^=f-^\i^mFET l 3 i#BP.FET 1 
4 (D^mm^^n^ c: -ttCct Hu^<^)fcB;^{i#<^^?!>^^'fkbTm 1 <7):57— 
V Vm.B.^t^^Wi^n^o H 1 coite^^ili-^ F E T 1 2 <h#fl§F E 

T 1 A<D\^ti\t<Dm'^. RXSm2 COiK^^^ttSffi F E T 1 3 t#flgFET 1 4 
(Z)tB;^lt©SiJ^^fir^ diJci 0 , mm<D\htt):tti^^it\^XW. l --^ v h 
ite^^^^^m^n-Sc ;i®.J;^lc:1g^<7)F ET(Dffi;;j<£:it^r'5Cl<t:TiS7— ^♦ 

^^^7. h 33258 (Hoechst 33258) J^j: if ^ffl V^^ C iiT&^'T^ 

j^s^^ (sNPs) ifi^^-r^^iiifi^^nxi6K>. ^(D—M^^mu 
^iI^ti$^T•M^^8j^s<&w-r^ i 7:^ss(Diii:Rr/^2(o^^yD — 

H 1 — : 5' -CATACACTAAAGTGAAA- 3 ' 

^,2^^.-^^ — -:/: 5' -CATAC ACTGAAGTGAAA- 3 ' 

gKlicD^STi^'A, m 2 yp-y-r«G <hfcCoTl/i-5c (Dill 2 <Dl^@g 

yp-y^-en^n^ i iku^ 2 ©f e T®<!r- h±icH^^k-r^c f 
ETc^y- hnii^ 1 . ^2(omm.^u-':r trnt^^^n^^-t^mm^u- 
'y'. m^^t-^^xAij-^^m^-^n^i imm^<Dmm-fu-^^mmt-r^. 

yp-y0D5' *i^^7^ y SX'^tfp-r-Sc — 2^^M«?»JCDFE Toy- h 

J^feMtc«S<kv'J >f)m^^^nx:i5r). ^<Dmm^ r — 7 ^ y tfji. h 
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i57-;^» U-^ <t bTx^^i^-i^ AT/D-x'-f H^^ALTto S'J^ti^-r^l, ^2 

2(DmB,^^iiimFET tmmmFETomwjthti^mmv. ^(om. un^ 

n<DFET(Dtiit!m&. Hi (DmB.^^ihm F E T t^mmF E T (Dmmthti . 
jSLZsm 2 (om^^^thm f et ^mmm FETcomwiiiitj^mi^i^fto un:sL 

mi(Dmm:/o-y\zMfi:^-T^^m^^yii^mt^U.n (Normal) -e«v 111 
(DiieT-^ttJffl PET hmmm F ET (DmWjiiitli:^ 5 . OmV-C$>'orzo — 
2 (Dm&l^^t^m F ET ^mmmF ET<DmW}tiitl\:i.O . SmV-rabO, ^ 

Mu^^^n^ntzo zn^-m(Dmwimtim\m\tmm\zntyn^z.i:f)m^ u 
Jt^Jr^•r'2)3^ssB^'J<£w-r^s^*^ (Mutant) T-iiHi(Dji<K^^atifflFETi# 

MfflFET(D^i!jtB;'j«0. 3mV-efe-:p^Co — H 2 c^itfe^^ttSffl F E 

H 1 <hm 2 ©i^^3^a--:/fc:^^f&-r^j^si2^y^¥^-ro^-r^i«5^ (^7^0) 

TtiH 1 CDitfe^^^ai^ F E T t#flB^ F E T(D^ffl^Jitl;^>^i 2 . 3mV, ^2 
©jte^MaifflFET«!:#HSfflFET©Mi<jm:^J«2 . OmVTfeO. t^f^l 
^ 1 <Ditf)^^ibnrz. &.±<i: 0 . ^^m\zJ:^S NPM^\ZJ: K> . Normal /Normal 
©7}^^. Mutant/Mutant Normal/Mutant (D^t^dc^ 3 a^(^M*4^illiS'J 

^ >( k ^ ^ L T ^ ii -r -5 iiMI ^ U i . 
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hX ^m^tcltfX'^th-t izit. Normal /Normal ^ IWi 

Mutant/Mutant (DTi^'EOUncDmmiZ^l^^T . iHS^^Iliffl F ETt^mP^ F E 

v=-jx(Dmmmx$>^o m^vr:im<DDN a-^^ ur o^^, 3 m(D 

Genetic F E T 1 2 ~ 1 4 T&^mift-ftS^ nT43 C» . H 1 <^ F E T 1 2 «^ 1 CD :^ 

-y hjie^^^ai-r^jifHT^ajffl fet. ^2(dfeti3 «^ 2 om 

e^^MiU-T'&jt^^^aiffi FET, II3CDFET14 H#H?.F E T h VXm 

T l/-r tc^AU, ;57-y-:/ hite^-t/N-r :/U ^< -tf— v-a >^fir:b-e-fc<t# 

m F E T:5^tX#B^F E TOa®m?^€'StS^^bb/^j:V^CDTaJ:^{f ^jO^'^-fbbT^d: 

Lfc;i>^'oT. ^ 1 ©ite^Mttlffl F E T <h#SP.F E TOM®3S'l^> 
2 (Dit^H^i^aiffl F E Ti#BgF E T ©MitJ^'J^^fT O ^LtiZ^K). Hti^(D{±l 

i-^^>/^'e±^^>. t'7.i7 ^ •^7 >x— -T-;!/. ti V 7.7 \y>mmi^. 
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— tfybmBi^^\i7.l2^^0>4 (Bis(12-crowii-4)) T'^iaf Ji-^. k* 

f^l1^m.':fu — -:f (Normal) : 5' - C A T A C A C T A A A G T G A A A - 
3 ' 

B 2 ^gf^P-:/ (Mutant) :5' - C A T A C A C T G A A G T G A A A - 
3 ' 

iS^DN A«ifii?g'^'oaifa^'/j>^ettaiL', sNP^iSL^^ts 1 0 oi^mm 

(DiM^^i^^-t^tm^iz. Normal D N A U y'x'-i' ~> >, Mutant DN 

Normal DNA75^e> T'J:^ 1*5^^111 > H 2 c^Jite^^tliffl F E T , Ji:t)C#3^F 

y u ^w-ti— ->3 mmm.iz^omf^vx^]^}t^(Dm.n^m^i.. som 

M<^N a C 1 7K^?K^^ALT. Hi. ^ 2 Oit^S^^tii/B F E T:Rt/#fig F 

H2 ®ji^S^^aiffiFET,h#{!ifflFETCDMi!jtii;^^M'J^b/co m 1 c^®<c 
^^aifflFET<h#Bg^FET(Dllifettl;^«4mV. H 2 Oit^^^tBffi F E 
T 2immmFET(Dmmthtl 0 . 2mVT^o^c. SOmMKClTK 

^?s^^ALTi^^{cti}::^mj£^5ii^b/ii^m, H 1 (DmiR^mmm F E T t 

mmmFET(Dmmihtl{tO . ImV. ^2(7)ji^S^^i±5fflFET<h#BSfflF 
ETCDmWittiilO . SmVT^O. tS^-^l'c^ Normal D N A t^:^ 1 ©^^T'n- 
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Mutant DNA7i)^e>/j:^Ki^^. ±$Zt^m\zm\^-r^t. 5 OmMO 
N a C 1 7K|g?i^:&#Ab^ci:#CD^ 1 CDitfe^^^ttSffl F E T tmmm F E T CD 
llffijffi;b«0. imV, ^2 (Dite^Mtliffl F E T<i:#Ba^ F E TcD^^jfcB;^; 
0. 2mVT'$.-p;^Co 5 OmMKC 1 7K^l^jgA^<7)m 1 Ojte^^tbffi F E 
T<t:#P,fflFE TOM®!jatl;t»H0. 1 mV, H 2 Oite^^tliffi F E T i # fls 
ffl F E TOMSiiil;^^ 5 . OmVTfeD. I^l^l^cr) Mutant D NA«|g 2 (7)^^^^ 
□ -y^cD^A-r :/U if-->3 >SltNU, SI2 CDjgiE^^tBffl F ETt&^^jS 
IRmiZft-^'t^ ^1 t7&^*S6^^^nfco Normal <i: Mutant ODN A^¥:$^-ro#-r^ 
(^T-D) TJ^. 5 0 mMON a C 1 7K^?^<£:^ A b ;t <h ^ 1 (Di&iR 
"f-^mmF ET tmmmF ET<D^mtiitl\t2 . SmV, m 2 CDite^^ttJffl 
F ET ^mmmF ETO^mmihtlltO . ImVT^O. 5 0mMKCl7Km?S 

mx'^<Dmi (DmBi^^tam F E T ^mmm F ET<Dmmtiit){^o . imv. 

||2©jte^MmfflFET<i:#B?,fflFETCDSij!ittS:^2. SmVTfeO, 

1 n 1 a)tb7:?q#e>n/c:o 

J[iA-tJ:0, *^BJtc^^SNP/!i?tfTtCctO, Norma I /Normal (D ^ > 
Mutant/Mutant (D*^. Normal/Mutant (D^y'uoys mmcDUn'^I^Wl-t ^ Z. t 

fz-fy^-DX. i^m^CDSN P^tlf^fT^ Cl<*:7&^'-r#^o 

SN P^^tlfJI^A^tc, #^ffl^(D^^yo->'*^F ETc^y- i-±f::S^^bl^. 

*4{c^gSi5^h:Lx, 5e3^j5?^;T^ff e)C:<hfc-t?#^c 

m5 *^Bj{c«k-2)^my- h^jt^s^^tti«i^5«im h5'y-yx:$'^mpi 

^DNA-^^ C^ayu^ <D^Bxmm^yr:-tm-V^^o ^-r. ms (a) iZ^ 
Tcfc ■5 {c, ;y ^7.S^S 1 7 (cfS/iib^^tB^jcfi^i (Low pressure chemical vapor 
deposition) tCctD. p ^©t}^ U v U n >jiM l 9 ^ J^fi^t* -So U -> U n > 
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mj^(Dm^\ti o~ 1 0 0 0 0 nmommfi^M^i^K . ^mt^MX'iti o o o 
^iftvft^mm. ui>y. hmm^m^. y^^^ jL^y'^>^$>^i^ity ^m^y 

^yit7>'e-OM.<Dm^miZJ:^^Ji^y h X 5^ > ^^/tc J: 0 . ^M«^*£t5c^i^ 

\z-mi\:.iy^)^>M4 A^m^-t^o 
:^\z. 05 (d) Jc^TJ^-^lc, ^Mm^SH^^j^sJcT^o :7^hUV^'^ 

mm^n^^. \^y^j^y^>'if^^^^ity ^y^ty^ity y^e-^ixCDm-^m 
iz^^^jLyhJLy^>'^\z^K). mmmzi>i$^i7 hfK^<D-mit'>^j >m 
^m^T^o TJi^^-oi^mm^M^mmiz^Kim^^i^. y^hw^^^y^ 

ft^fc, 05 (e) tc^-r^^ic, DNAzfa-'^r^m'^ifr^o •^^y.m 

m 1 7 CD^2 (D^® ('>'J 3 >M^J^J5)cL^/!:®<J:S*f<D^®) 2 6 \Z^\,^X. 
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2 2. fe^ViJ;iia^-t>1t 2 3 i b^c #^j^i^S£mmi^lim^gB0 2 5 tdct 

^itb^h ^>i^>^i^:^^m^-^nxiiK) . 1 O^ite^-t^ttiffl F ET. 

#B1F E T<t U/ic ia^-t>-tl-2 3 <Dm;^^fflViTl::-i$'- 2 2 ^(^JISfT-S) CI 

mm^Mi&. (melting temperature. Tm) (D-^^-otzi^mzfa — zf^m — o^i^^) 
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9{zit. mti&ms tmmiz. mBi^^mm f et. #bb,fet, i^i—i^—islzs 

^m^^^tam f ET\zmf^-t^m^-:^a-y(Dmmi^mizf^^cx. 
ns3i75:^istaST/\'f y«j if— ->3 > • ?jfe#i^:ffe»fc«e), 

2^IIJS{^JT«> -tP©S^'J 13 >aj^j5KMi^ 1 9 1 mm:^. -> U =i > 

mW^^m^l 9 tiiillft^^ >2 7 <h(7)FBlPi«0 . 5 mm. ^ >2 7 (Di|is 

«o. smm^L, :i(DmM\z^Ki^i^^)^ymw^^m.^i 9 <Dum.^^\^i3^ 

X'>^>i:7^ (Reactive Ion Etching) i$.m^m^^nitmjf^^(Dmmm^<D •> 

mint. :^mmiz^^mm'y - hmm^^^mmF ET^ y:f(D-m^7r^ 
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Ell 3ti. i^ftm(Dmm.^^- Y'mmB.=^-i^\^mF ET^^zf^m^^fcmmi^ 
7.'rh.<^-m^m.m-t^mx^. 

Iz-I' 7°^ >' P--fe;i/ 3 0 lc-7'^> Nb. ^iS&3 1 tcJ^M-r-Sc dilSS Z 1\Z 
^/N-f :7*U ^'-f -t'-i^s >?S3 2:RD^l5fe^?g3 3 jO^VNMI^:/ 3 4 ^^O-LTJ^^^ 

ai§3 6 \Z^r^n)Vy^3 4^\Z'j^^\^. yo-±)l 3 0 {C#A UTjti5^^{±l 
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T*30, -fi-^^aSilHlgSS 8 .hJ^i^^nTl'i^o Ki|s|-^M4 3 «^gS3 1 IZJ:. D 
jt-eT-^fcUffl F E T^>;/ :/4 0 (Ca»A$n^o l!*^^?S4 3 ^^m^'^ttIi^U 
^^-4 1 icJ^MbT^ji^ict-^ ir-gB:^-^^^^^^ y 4 4-e{^ffi-r^o 
^m^^r y':f4 4(D^inii7 ^ ^) :;}^UyPtfU>. U — tI^ ^ h f«£ ^ 

EllStC. y 0—±)\^ 3 0 (D^mm^Tf^-To 7 a— -t JW:*:^^ 3 0 ICt^C^tSS 3 
1 iiT^C-SB^ 1 mm(DA?&^'?^J5£^nT*3 0, it^K^^tliffi F E T 5^ >^ (DN 

A-^^ ^u7u^) 4 0 (Dmimizun^um-^mx^n^o m^s i<dxo^ 

lSi.Z^thamzit:^z^4 5 7&^#oT^O, ^zi — :/4 6 h 4 7 

(1) t5fe#?ssr:7 p--fe;i'4'ic^A 

(2) ;\-r :/u i$^-r-tf— s>3 >?^^:7D— -t;i.4'tc#A (?5fe#?K^M^) 

( 3 ) ^v'J n ym^^nn.(o^ui^^^mMy° "a--:^ (^mcM'^Uxzw^ 

(4) 3fi^S^^:^tBfflFETS.Z>'#MFET0r)tb;'D^SJj^, MCD?^^ 

(5) UM^n)\^'y^\ziri^\^x. )\-{^^}^^^—=^^ywr^yu—'^)v\zm 

(6) 7 □--fe;u4'TVN-r :7''j ^^Wif— ~>3 > 
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(1) rife#?^^:7 o--t;i^4^{caSA 
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(3) =&s^u :3 ymmj$.mi$i.(Di^m^^mmzfu—-:/(D^m^^m\zm^ 

(4) ii^^^^aiffl F ETJ^?^'#fl^.F ET(Dai:t>$:i»J^^ MO^^ 
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(11) m^'T^immFETisi.ummFETotiAtj^m^. ^(omw 

#F E T(D;^^7°n-7'1t#E^:N a C 1 ^RUK C 1 4" O Mffil) tb ;^ t!?^ ^ 
Normal /Normal, Mutant/Mutant, Normal/Mutant <&¥iJ^ 
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T^(Dx. mmcom'^'^ij 7.<Dm^> m<tym7t!^no:>i(f5mtji£iz^^m^m 
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HufEv-7. • H ix-f >M^<^rBi^5^^^-;u<ii ♦ HU'f>Mii& 
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